The taxonomic status of Japanese tomato crown and root rot isolates ascribed to Fusarium oxysporum f. sp. lycopersici race J3 was determined on the basis of DNA-DNA reassociation kinetics. As compared with DNA homology among races of forma specialis lycopersici, isolates of race J3 showed relatively low homology (74-88%) with isolates of other races which caused typical vascular wilts of tomato, and shared high DNA homology (96-99%) within the race. By contrast, isolates of race J3 showed high DNA homology (95-100%) with an isolate of F. oxysporum f. sp. radicis-lycopersici, but exhibited low homology (69-87%) with isolates of other formae speciales of F. oxysporum. These results suggest that the causal fungi of tomato crown and root rot in Japan, previously proposed as race J3 of forma specialis lycopersici, should be designated as a different forma specialis: F. oxysporum f. sp. radicis-lycopersici (Jarvis and Shoemaker, 1978) .
of this species was compared. As shown in Table 3 , race J3 isolate (FOly) hybridized at perfect rates (97.7-99.8%) with isolate (CC#85) of forma specialis radicis-lycopersici, but at low rates (69.2-87.4%) with isolates of other formae speciales. Two isolates (SUF119 and SUF803) from race J1 and J2 showed a low relatedness (68.1-88.2%) with isolates from forma specialis radicis-lycopersici and other formae speciales.
Genetic relatedness between race J3 of F. oxysporum f. sp. lycopersici and F. oxysporum f. sp. radicis-lycopersici DNA relatedness between race J3 of forma specialis lycopersici and forma specialis radicis- Table 2 . Genetic relatedness between races of Fusarium oxysporum f. sp. lycopersici a) Homology values (%) are average of two determinations, and were calculated from the equation described by Seidler and Mandel33). b) Not determined. a) The range of homology values (%) is the results of two determinations and was calculated from the equation described by Seidler and Mandel33).
lycopersici was further determined. All the isolates of race J3 examined hybridized at consistently high rates (95.3-100%) with isolate CC#85 of forma speciales radicis-lycopersici, as shown in Table 4 . Table 3 . Table 5 . Relationships between DNA homology and subspecific taxa of Fusarium oxysporum
DISCUSSION
Although most pathogenic forms of Fusarium oxysporum show a high degree of host specificity, some forms are pathogenic to a wide range of host plants either of the same family1,3) or across many families2,4). Identifying formae speciales and physiological races of this species solely from pathogenicity tests, therefore, is difficult and often inconclusive. Disagreement on classification exists in the literature as to whether strains of F. oxysporum causing tomato crown and root rot disease be categorized as a new forma specialis14,29) or as a physiological race within forma specialis lycopersici22, 31, 32, 38) .
We showed in a previous paper20) that the DNA reassociation technique used in this study provided a reliable criterion to delimit subspecific taxa in F. oxysporum. In Table 5 , we suggest how DNA homology values obtained with the method should be interpreted.
The present investigations revealed that the Japanese race J3 of F. oxysporum f. sp. lycopersici share only 74-88% DNA homology with other races, including American races, of this forma specialis. Judging from the criteria shown in Table 5 , it is suggested that the causal fungus of tomato crown and root rot should be classified into a single forma specialis distinct from forma specialis lycopersici.
The data presented here demonstrated further that all the tomato crown and root rot pathogens examined are genetically identical with strain of F. oxysporum f. sp. radicis-lycopersici and are distinct from other formae speciales in this species. These results coincide with current views9,28) that tomato crown and root rot isolates has been assigned to its own single-member vegetative compatibility group in Puhalla's28) classification of strains of F. oxysporum.
Symptoms of Fusarium crown and root rot disease are quite unlike those caused by races of F. oxysporum f. sp. lycopersici13, 27, 29, 32, 35, 38) . The disease is also favored by cool soil temperature, in contrast to races of forma specialis lycopersici13, 32, 38) . In view of these differences, Jarvis and Shoemaker12, 14) have proposed that Fusarium crown and root rot pathogen be designated new forma specialis radicis-lycopersici, based on its mode of pathogenesis, its temperature relations, and its close association with Lycopersicon spp. Rowe29) has supported Jarvis and Shoemaker's designation despite his observations that tomato crown and root rot isolates are pathogenic, on inoculation, to host plants outside the Solanaceae. Our results presented here certainly demonstrate the validity of subspecific classification of this pathogen as a new single forma specialis to distinguish it from the organisms causing typical Fusarium wilt. Accordingly, we propose that tomato crown and root rot isolates found in Japan should be referred to as F. oxysporum f. sp. radicis-lycopersici.
It is recently reported that two formae speciales, radicis-lycopersici and lycopersici are quite different with respect to protein composition5), antibiotic tolerance23) and complement of fatty acids23).
The present study indicated that tomato crown and root rot isolate (FOly) showed comparatively high homology in DNA sequence with strains of formae speciales lycopersici, melongenae and nicotianae pathogenic to host plants from the Solanaceae. In a previous paper20), similar results were also observed between Fusarium strains from the Cruciferae or the Cucurbitaceae. These results suggest that formae speciales in F. oxysporum parasitizing host plants within the same botanical family may show phylogenetically close relationships with each other.
Japanese races in F. oxysporum f. sp. lycopersici are described by the designation of J1 or J2, distinct from that in U.S.A., because a set of tomato differential cultivars or lines used for identification of races is different in both countries. Since race J2 was found to be pathogenic to tomato cultivars having the Lycopersicon pimpinellifolium Accession 160 factor (I-factor) for resistance to race J136), it seems that races J1 and J2 correspond to races 1 and 2, respectively. A correlation between these races from both countries is not, however, examined closely. This study showed these races, including new race 3 recently reported, to be closely homogeneous. It is reported that each of races (1 and 2) can be distinguished serologically26). Further investigations must be undertaken to explore alternative or complementary methods to expedite race classification of this forma speciales.
